Granulosa cells from pig follicles of different sizes demonstrate maturational differences in their steroidogenic responses to FSH, calcium ionophore A23187, and phorbol diester.
Cultures of granulosa cells from small (less than 3 mm), medium (3-6 mm), or large (8-10 mm) pig follicles were treated as follows: (1) basal controls, (2) cyclic adenosine 3',5'-monophosphate (cAMP) pathway agonists (pig FSH: 100 ng/ml; forskolin: 10 microM; dibutyryl cAMP; 1 mM), (3) calcium ionophore A23187 (0.005-1 micrograms), or (4) phorbol 12-myristate 13-acetate (TPA; 0.05-4 ng/ml). The combination of A23187 or TPA together with cAMP agonists was also examined in cultures of granulosa cells from follicles of different sizes. All substances were added at the time of culture, and oestradiol and progesterone were measured in the culture media after 48 h. All cAMP agonists were most potent in their stimulation of steroidogenesis (as a % of control) in cells from small follicles (P less than 0.05) with the exception of forskolin, which increased oestradiol in cells from large follicles to a greater extent than in cells of small follicles (P less than 0.05) (cells from medium follicles demonstrated less stimulation than those from small follicles except in progesterone production, for which FSH was equipotent). With the exception of forskolin, however, granulosa from large follicles showed little (oestradiol) or no stimulation (progesterone) with cAMP agonists. Under basal conditions, A23187 inhibited progesterone in all groups (P less than 0.05), and oestradiol production was reduced in granulosa cells from small follicles (P less than 0.05), unchanged in cells from medium follicles, and significantly stimulated in cells from large follicles. A23187 inhibited the enhanced production of both hormones after administration of cAMP agonists from cells of small and medium follicles (P less than 0.05), with inhibition significantly greater in cells of small follicles compared with medium. In cells from large follicles challenged with cAMP agonists, A23187 inhibited progesterone but stimulated oestradiol production; substitution of TPA (a protein kinase C stimulator) for A23187 gave identical results under basal or FSH-treated cultures of granulosa cells from small-, medium- or large-sized follicles. Our results suggest that TPA, A23187 and cAMP agonists modulate steroidogenesis differently in pig granulosa cells, depending on the stage of maturation of the follicle. Oestradiol production in granulosa cells from large preovulatory follicles may come under the stimulatory control of regulators of protein kinase C as in follicles near ovulation.